Bacteria are conspicuous among spore-forming plants for the great resistance of their spores to drying, to dyes, to germicidal chemicals and particularly to heat. Heat resistance is at times almost unbelievable and it is this property of bacterial spores which makes their destruction by heat sterilization, as in the processing of canned food, so great a problem. A great deal of work on heat resistance has therefore been done, and it has been found that the resistance of any particular species is not fixed but varies with several factors. The conditions under which the spores are produced as well as their age and previous treatment apparently are important. The concentration of spores, pH of the substrate in which they are heated, and the presence or absence of protective colloids or salts are also factors. These points are discussed in the reports of Burke (1919) , Bigelow and Esty (1920) , Weiss (1921), Esty and Meyer (1922 ), Magoon (1926a ), Curran (1935 , and others. Esty and Meyer have also noted that spores of different strains of the same organism vary widely in their heat resistance and that all of the spores in a particular suspension do not have the same resistance, a small percentage apparently being capable of surviving heating for much longer periods than the majority. A recent confirmation of this fact of individual variation is found in the report of Yesair and Cameron (1936) in which they showed difference in specific gravity between the more resistant and the less resistant spores of a population. This variability has suggested to several
Bacteria are conspicuous among spore-forming plants for the great resistance of their spores to drying, to dyes, to germicidal chemicals and particularly to heat. Heat resistance is at times almost unbelievable and it is this property of bacterial spores which makes their destruction by heat sterilization, as in the processing of canned food, so great a problem. A great deal of work on heat resistance has therefore been done, and it has been found that the resistance of any particular species is not fixed but varies with several factors. The conditions under which the spores are produced as well as their age and previous treatment apparently are important. The concentration of spores, pH of the substrate in which they are heated, and the presence or absence of protective colloids or salts are also factors. These points are discussed in the reports of Burke (1919) , Bigelow and Esty (1920) , Weiss (1921) , Esty and Meyer (1922) , Magoon (1926a) , Curran (1935) , and others. Esty and Meyer have also noted that spores of different strains of the same organism vary widely in their heat resistance and that all of the spores in a particular suspension do not have the same resistance, a small percentage apparently being capable of surviving heating for much longer periods than the majority. A recent confirmation of this fact of individual variation is found in the report of Yesair and Cameron (1936) in which they showed difference in specific gravity between the more resistant and the less resistant spores of a population. This variability has suggested to several workers that it may be possible to increase the heat resistance of the spores of bacteria by a process of artificial selection. Thus, by heat-treating a spore suspension so that only the more resistant spores survive and are allowed to produce the next culture generation, it was thought that a strain of the organism could be developed with greatly enhanced spore resistance. Bigelow and Esty (1920) , Magoon (1926b ), 0. B. Williams (1929 ), and Walsh (1932 have reported marked increases in spore resistance of several organisms as obtained by selection. Magoon claimed the most remarkable increase, having changed the heat resistance of spores of Bacillus mycoides from 2 to over 50 minutes at 1000C. Sommer (1930) mediuiii. The anaerobic species (Clostridium) are maintained in our laboratory as dry spore stock on sterile soil and the single cell isolations were made from cultures which were started from these soil stocks.
After the single cell isolations were made, soil stock cultures were prepared of each culture and set aside until the start of the experiment. These stock cultures were saved to provide a check to be run at the end of the experiment, in case an apparent change in the thermal death time of the organism should occur during the process of selection.
MEDIA AND INCUBATION
Spore crops of the aerobic organisms were obtained by cultivation on nutrient-agar bottle-slants at 28CC. These were subcultivated on nutrient broth at 37CC. after the heat treatment. Spore crops of Cl. sporogenes were obtained from growth on liver extract agar; spores of the other anaerobic species from the surface of an agar medium containing 1 per cent Difco tryptone and 0.5 per cent glucose. All anaerobic species were subcultivated in 5-per-cent corn-mash tubes containing 1-per-cent powdered liver (McClung and McCoy, 1934) . All incubations of the anaerobes were carried out at 370C. in a sealed jar, made anaerobic by the respiration and fermentation of moist oats.
The incubation period varied from 5 to 30 days, both for raising spore crops and for noting viability after heat treatment. Inasmuch as the experiments were carried out over a period of nine months it was not always convenient for incubation periods to be of uniform duration. This was not considered necessary, however, because the final tests of the culture derived by selection were compared with the original cultures which were run in parallel at the conclusion of the experiment.
PREPARATION OF SPORE SUSPENSIONS AND HEAT

TREATMENT
The spores were washed from the agar slants with sterile water and shaken with glass beads to break up clumps. The numbers of spores in these suspensions were counted by means of the Petroff-Hauser counter and then diluted in a sterile M/15 phosphate buffer solution (pH 7.0) until the final concentration was approximately 10,000,000 spores per cubic centimeter. One-cubic-centimeter amounts of suspension were then sealed into small soft glass ampules and the heat treatment made after the method of Esty and Williams (1924) . An electrically heated oil bath with a motor driven turbine and a thermo-regulator was employed. The temperature was not allowed to vary more than 0.50C. After the heat treatment the suspensions were immediately cooled and subcultivated to tubes of nutrient broth orcorn liver medium. The culture developing from the spores showing the highest resistance was inoculated to an agar bottle slant for the production of a fresh crop of spores. This procedure was carried out for eight or ten successive times with each culture studied. Occasionally in the tests, contamination was noted. In such cases the contaminated culture was promptly discarded.
EXPERIMENTAL RESULTS
A preliminary determination of the thermal death times of the several organisms was made in order to determine the temperatures which offered the most convenient death times. Thus, throughout the work to be described, the following temperatures were used for heating the spore suspensions of the several organ- figure 1 . The series number, the age of the spore culture from which each of the suspensions was prepared, and the time that each suspension resisted the specified temperatures under the conditions described above are indicated. All times indicated are maximum since in every series the spores were heated for a longer period than that which would allow them to survive and germinate. Bacillus mubtilis Inspection of figure 1 shows that the survival time of this organism at 1150C. under the conditions described, varied from 12' to 20 minutes. In only one instance did the familiar skipstop phenomenon occur. No delayed germination was observed with the spores of this organism, all positive tubes growing within 3 or 4 days. It would appear from the final results that the heat resistance had been increased from 121 to 15 minutes. The variation observed within the series, however, makes it appear somewhat doubtful whether the results are of any significance as indicating an increased heat resistance by artificial selection.
Bacillus graveolens
Even though conditions of uniformity of heat treatment and cultivation were maintained as far as possible a large variation in the survival time for this orgaism at 1000C. is evident. This time varied from 15 to 35 minutes. However, at the end of the experiment, a check with the original culture did not show that any appreciable increase in the heat resistance had occurred. As was the case with B. subtilis, no dormancy was noted.
Baillus mycoides
Good spore suspensions of this organism were difficult to obtain due to the nature of the growth of the organism on the agar slant. Furthermore, even though the clumps of organisms were broken up by agitation with glass beads the spores themselves showed a tendency to clump together. Many skips and stops can be observed in the data. Delayed germination was frequently observed, particularly with those spores that had resisted the heat shocking for the longest period of time. Germination sometimes did not occur until after seven or eight days.
An apparent increase in the heat resistance of these spores from 10 to 25 minutes is indicated. The same criticism may be applied here as in the case of B. subtilis; namely, that some other factor than simple selection may be concerned, because of the large variation observed between the several series. Apparent decreased resistance is noted in successive series as well as increased resistance.
HEAT RESISTANCE OF BACTERIAL SPORES5
Clostridium Pasteurianum A large number of skips and stops occurred with this organism in the different series. This may be explained in large part as due to the difficulty often encountered in the cultivation of this anaerobe. The corn-liver mash that was used offers a good medium for growth but germination in it does not always occur even upon the addition of sterile reduced iron.
At the final test, it was found that the original organism had a greater resistance than that which had been passed through the series. The selection in this case appeared to work negatively.
Clostridium acetobutylicum It was difficult to secure good spore crops with this organism. Often no spores were produced at all on the agar medium. In view of this fact, work was not completed in this instance. The graph shows, however, the variation in thermal death times exhibited by this organism. As in the case of Cl. Pasteurianum, it is difficult to cultivate this organism and the large variation observed may be at least partially explained on this basis. Delayed germination was observed up to a period of 10 days.
Clostridium butylicum
The survival time for this organism evidently lies in the range of 3 or 4 minutes at 90'C. In one case it appeared to be 8 minutes. The final test shows, however, that no significant change had occurred in the resistance of the organism during the selection. Delayed germination was not observed.
Clostridum sporogenes Examination of the graph shows that the thermal death times of this species were very constant throughout the experiment. No alteration in the heat resistance of the spores was detected during the run nor in the final check against the original. No delayed germination by these spores was evidenced.
Inspection of the graphs shows a considerable variation in the heat resistance of the spores of a single species of organism. Except in the case of Clostridium sporogenes, large variations in the thermal death times of the several organisms are apparent as determined from time to time under carefully controlled conditions. Contrary to the results of Magoon, these variations did not always occur in the same direction and it was found necessary to compare at the end of the tests the organism that had passed through heat series directly with the original organism. A significant increase in the heat resistance by this process of artificial selection was obtained only in the case of Bacillus mycoides. This is the organism on which Magoon reported the increase from 2 to over 50 minutes at 1000C. in 6 selective transfers. In the experiment here reported, an increase from 10 to only 25 minutes was observed after 10 selective heat series. The tendency of spore suspensions of this organism to clump may be a factor in the apparent increase in resistance.
Delayed germination was noted with several organisms; however, no attempt was made to determine a maximum time for the germination of these cultures. The occurrence and extent of this phenomenon has been adequately reported for several organisms by numerous workers (Burke, 1923; Dickson et al., 1925; McCoy and Hastings, 1928 
